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AUTO: An Automaton Simulator, « program implemented under 
IBM 360/67 TSS, is capable of simulating any user-defined deter- 
ministic or nondeterministic finite automaton, pushdown automaton, 
Turing machine or procedural Turing machine. The simulation is 
achieved through the use of two pushdown stacks and a single finite 
control. This approach provides efficient simulation and avoids the 
programming duplication required to simulate each type of automata 
separately. Interactive capabilities make the system particularly 
well suited to the online design, modification, and testing of user- 


defined automata. 
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fae ODUCTION 


The objective of this research was to devise an aid for the 
teaching of formal languages and automata theory. The system 
developed allows the student to design, test, and change automata in 
an interactive manner. This process permits the user to observe the 
step by step operation of a defined automaton and if desired, to 
Gerrect or alter its operation. This eliminates the need for lengthy 
and tedious hand sialon. 

AUTO: An Automaton Simulator, can simulate the operation of 
deterministic and nondeterministic finite automata, pushdown auto- 
mata, Turing machines, and procedural Turing machines. Since the 
system is capable of simulating several different types of automata 
with only one interface, it eliminates the duplication of effort required 


by separate simulations of each type of automata. 





tio bi DESCRIPTION 


AUTO is a deterministic automaton which can, by performing 
transformations on the rules of any given automaton, simulate that 
automaton. Since each procedure performed by any automaton can 
be performed by a Turing machine, then theoretically it is only 
necessary to simulate a Turing machine in order to have the cap- 
ability of simulating any automaton. The simulation of a Turing 
machine can be done by a deterministic, two pushdown machine. It 
is easily seen that those symbols to the left of the head of the Turing 
machine being simulated can be stored on one pushdown list, while 
the symbols on the right of the head can be placed on the other push- 
down list. AUTO, using two pushdowns, can also simulate other 
ivpes Of automata more effectively then the Turing machine, since 
when conducting a simulation, Turing machines often carry out their 
computations most inefficiently. 

AUTO is designed so that at all times the two pushdown simulator 
remains invisible to the user. The user is unaware that he is using 
a simulator, but feels rather that he is interacting directly with the 
automaton which he has created. This feature is maintained during 
the input, operation, and output phases of the simulation. The ad- 
dition of new interfaces or modification of the present ones would 
allow the simulation of other types of automata, such as two-way 
tape Turing machines or the two-stack pushdown automata, of which 


mw Os an example. 





a LHe SIMULATION 

AUTO is capable of simulating any given automaton by the use 
of two pushdown stacks anda single finite control. The internal 
transformational rules upon which AUTO operates have a canonical 
form distinct from that of any other automaton. The canonical form 
of the transformational rules by which AUTO operates is of the 


form 
(Oo Es, Rk.) = (2.L.,R.) where 
re age ee ey og 


is a state of finite control. 

is the top symbol of the left pushdown. 
is the top symbol of the right pushdown. 
is the new state of finite control. 


is the symbol(s) which replace L.. 


Sls sO 4 de ye 


is the symbol which replaces R.. 


The left hand side of the rule represents an initial configuration and 
the right hand side, the configuration after the indicated transforma - 
Hlomi1s performed. 

Since none of the machines or systems under consideration have 
rules exactly of this form, all input rules must first be converted 
imbortne above canonical form for AUTO. Those items of the above 
Ponieuration which have no €xact counterpart in the rules of the 
system being simulated are filled in with dummy arguments by AUTO. 
These arguments vary according to the system which is being simula- 
ted and will indicate to AUTO the proper action to take in the simula- 


tion. An example ofa rule for a finite automaton might be 


(Qya) - (Q)). 





The resulting rule in AUTO would be 
(Q), #, a) a (Q,, # , & ) 


which would indicate that the state of the finite control is changed 

Prom Q) to Q,; the top of the left pushdown which is ignored fora 

finite automaton is left unchanged; and the symbol on the top of the 
right pushdown is popped. 

Similarly, transformations are made upon the rules of the push- 
down automaton, Turing machine, and procedural Turing machine to 
conform to the canonical format used by AUTO. In so doing, the 
system preempts the use of certain symbols for system usage. The 
symbols, '#', '%', and Hay may not be used as symbols of the user's 
input or pushdown alphabet. The '&' may be used however, in any 
transformational rule when reference is made to the null or empty 


string. 


B. THE SIMULATION 

All simulations have an identical initialization procedure. First, 
delimiters are placed on top of both stacks for use as end of string, 
end of pushdown, or end of tape symbols. The input string is then 
placed on top of the right stack and the finite control is set to the 
start state. Upon completion of this initialization, the procedure 
will vary according to the type of machine under consideration. 

1. The Finite Automation (FA) 

The left stack is not used in this simulation. Instead ofa 

left to right scan of the normal FA, AUTO does a top to bottom scan, 
by continually popping off the top symbol of the input stack (i.e., 


right pushdown), while following the general procedural rules for 





the operation of a finite automaton. Upon completion of processing 
of the last input character, the finite control will be in some state, 
Q) which is then compared against a list of final states. On the 
basis of this test, the input string will either be accepted or re- 
jected. 

2. The Pushdown Automaton (PDA) 

There are two types of pushdown automata; the final state 
fee and the empty store PDA. AUTO is capable of simulating 
either of these types. The start symbol is placed on top of the left 
stack. Input symbols are popped one at a time from the right stack 
while the 2atiem indicated by the rules is performed upon the left 
pushdown. An exception to this procedure is the case of epsilon 
rules, which permit the finite control to change state and the left 
pushdown to be manipulated without popping the top of the input stack. 
The problem of avoiding an infinite loop when processing a PDA with 
epsilon rules is discussed ina later section dealing with halting the 
Simulation. 

In all cases where complete processing of the input string 
is mirained, i.e., the initialization delimiter - Be eounicned. the 
next action will be determined by the type of PDA being simulated. 
For the final state PDA, action similar to that of the FA will be 
taken. If the automaton is an empty store PDA, the top of the left 
stack is examined. If the top symbol is the delimiter originally 
placed on the stack during initialization, then the pushdown is con- 
sidered to be empty and hence the string would be accepted, other- 


wise the string would be rejected. 





2.) fhe Turing Machine (TM) 


The input tape for the TM is not followed by a delimiter, but 
rather by an unbounded string of blanks, which are added as needed 
as the tape head moves to the right. AUTO always considers the 
tape head to be at the top of the right (input) stack. Fora move right, 
the top of the right stack is transformed according to the applicable 
rule, then popped off the right stack and pushed on top of the left 
pushdown. For a left move, the process is reversed so that the top 
of the left stack is popped and then pushed down on top of the symbol 
on the right stack which had just been processed. Before a left move 
is attempted, the top symbol of the left pushdown is examined and if 
it is the initialization delimiter, then a move left would be equivalent 
to having the tape head move off the end of the tape. Since this is 
not permissable ina TM, the input string would be rejected. 

After each move has been processed, a check is made for 
final state acceptance. Ifa final state has not been reached the 
processing continues until either a final state is obtained or a partic- 
ular configuration is reached for which there is no applicable rule. 
This latter case would terminate processing and cause the input 
string to be rejected. 

poeuhen ee rocedural During Machine (P'TM) 

The PTM functions according to the same procedures as the 
TM except that the PTM does not accept or reject input strings. 
Rather the PTM continues to operate until there are no rules which 
apply to a given configuration and then the tape at that stage will be 
output as the result of the procedure. An example is the PTM demon- 


strated in the SAMPLE TERMINAL SESSION. The rules of this PTM 





define unary multiplication. The number 3, represented as 111, is 
multiplied by 2, represented as ll. The input is defined as the 
string 111*11* and the final output is XXX*11%*111111, where 111111 


represents the answer 6. 


Cc. NONDETERMINISTIC AUTOMATA 

The nondeterministic automaton can be represented as a tree- 
like structure where each node represents a particular configuration 
(lefthand side of a canonical rule) and the edges represent the allow- 
able transformations from one configuration to another. If any path 
terminates in an acceptable final configuration, then the input string 
is accepted. To avoid a fruitless search for sucha path, the tree is 
developed in breath first, then indepth. This approach determines 
the shortest possible acceptance path, as well as avoiding a possible 
infinite loop along some particular path. 

The program starts with the input string, start state, and start 
symbol, if any, making up the initial configuration for the root node. 
The listing of the rules is searched for rules which are applicable; 
the transformation is then performed and a node allocated for each 
such rule. The nodes are developed and allocated, conceptually, 
from left to right. Each new node contains a pointer to its predeces- 
sor node and at each level every node has a pointer to the next node 
developed at that level. The last (rightmost) node at each level 
contains a pointer to the first (leftmost) node of the next level. The 
following example will illustrate the development of the tree. 

The nondeterministic finite automaton picture in figure 1 accepts 


the set of all sentences containing either two consecutive 0's or two 
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consecutive l's. The tree developed by this automaton while proces- 


sing the input string, 0100, is shown in figure Za. 


Start Final 





Figure l. State Diagram 


a] 

As each node is created a check is made to determine ifa 
condition of acceptance has been reached. If so, the tree is tra- 
versed from the solution node to the root by following the predecessor 
pointers (indicated by ---» in figure 2). As the tree is traversed, 
the predecessor pointers are reversed so that when the root node is 
reached there will be a direct path to the solution node. 

Whereas, for deterministic automata, the printout is given as 
each step is performed, this is not possible when dealing with non- 
deterministic automata, since it is unknown at the time a node is 
created whether or not it lies on the solution path. Therefore, the 
user may select one of three output options: notrace, a trace only 


if the string is accepted, or a printout of each node as it is allocated. 


D. HALTING THE SIMULATION 
An important consideration in the operation of AUTO is the deter- 
mination of when to halt the processing of any particular string. The 


problem differs for deterministic and nondeterministic automaton. 


1g 
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For the deterministic finite automaton and pushdown automaton 
without epsilon rules, any input string is processed until there is no 
applicable rule which matches the configuration, or until the end of 
the string has been reached. For the deterministic TM, PTM, or 
PDA with epsilon rules it is possible to have rules which cause the 
machine to go into an infinite loop. For the TM or the PTM, the 
tape head may move left and right alternatively without ever reaching 
the end of the tape or running out of applicable rules. The PDA with 
epsilon rules could add symbols indefinitely to the left stack without 
ever popping any symbols from the input stack. Therefore, AUTO 
requires the user to set a maximum number of allowable steps to be 
performed by an deterministic automaton. 

The halting situation for the nondeterministic TM, PIM, or PDA 
with epsilon rules is basically the same as for the deterministic case. 
However, for all nondeterministic automata the tree structure grows 
in breadth rapidly in relation to the number of rules which are non- 
deterministic. Since it is quite possible for the number of nodes to 
increase almost without bound even at a fairly shallow depth in the 
tree, the user must declare the maximum number of nodes to be 
allocated. 

If the number of steps or nodes set by the user proves to be 
insufficient in a given case, AUTO permits the user to increase the 


maximum and have the system continue with the simulation. 
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III. CONCLUSIONS 


AUTO has effectively simulated deterministic and nondetermin- 
istic finite automata, pushdown automata, Turing machines, and 
procedural Turing machines. During all phases of interaction, the 
system acts as the machine defined by the user. The various options 
and capabilities of AUTO are demonstrated in the sample terminal 
session following Appendix A. 

Automata students introduced to AUTO reported that the inter- 
active system acted as a valuable learning aid. The students found 
that they could quickly have their automata performing as desired, 
because they were able to watch the step by step operation of an 
automaton, easily change its definition, and retest input strings. 

A modified version of AUTO is feasible which would be suitable 
for batch operation. Although the interactive features would be 
sacrificed, this version would allow for quick testing and printout 
of several automata. After reviewing the output, the user could log 
onto the interactive version of AUTO, make corrections and retest 
the automata. 

As presently designed, AUTO could be a valuable aid in the study 
of automata theory and in conjunction with a batch processing version, 
could provide the user witha versatile system for designing and 


testing automata. 
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APPENDIX A 


USER'S MANUAL FOR AUTO 


Moracceso 1 ULO;, the user logs on to the time sharing system in 
the usual manner and then executes the command, 'AUTO'. The 
system responses, permissible user responses, and default options 
are given below (System responses are givenin UPPER CASE). All 
questions followed by '(Y OR N)' imply the user is to enter the single 


enaracter 'y' for 'yes' or 'n' for ‘no’. 


Poel y PE OF MACHINE? 


Response Meaning 
fa finite automaton 
pda pushdown automaton 
tm uring machine 
ptm procedural Turing machine 
fin to terminate Session 
No default. 


Zao MACHINE DETERMINISTIC? (Y OR N) 
No default. 


3. MAX NUMBER OF NODES? 
For nondeterministic automata, enter the maximum number of 
nodes to be allocated. Provisions are made for revising this 
number later in the session. Reply must be inthe range: 0 - 9999. 


4. MAX NUMBER OF STEPS? 
Same as above except that this is the maximum number of steps 
to be executed by deterministic automata. 


5. GIVE RULES 
The system will key the user to input rules one at a time, by 
Printine asrule number. Acceptable rule formats are: 


 Ebanite Automata (Q.,A) - (Q;) where 


US 





Q.,Q. are states of the finite control, 


is is the character of the input string 
being scanned. 
B. Pushdown Automata: (Q., A,X) = (Q;, >) where 
Q., Q; are states of the finite control, 
A 


is the character of the input string being 
scanned, or the character '&', denoting 

an epsilon rule, 

x is the top symbol on the pushdown stack, 

5 is a string of from 1 to 4 characters of the 
pushdown alphabet to be added to the push- 
down stack, or the character '&' which 
denotes that the top symbol of the pushdown 
stack is to be popped. 


Cc. Turing Machines and Procedural Turing Machines: 
(Q.,4) - (Q;, Y, M) where 
On: are states of the finite control, 


ce is the character being scanned by the tape 
head. The symbol may be '&' at the 
righthand end of the tape, 


x is the single character from either the input 
or tape alphabet which replaces 'A', 
M which is either the single character 'l' or 


'r', which denotes whether the tape head 


is to move left(1) or right (r). 
The user terminates the input of rules by typing 'end' as the last rule. 
States may be any string of characters up to three in length. 
All parenthesis and blanks are ignored by the system and may be 
included as desired by the user. The left and right hand side of the 


rules must be separated by the symbol, '-', and the rule must 
contain the proper number of commas. For example: 


(Q,,A4,X) - (Q,,8) 
ee eX 0. S 
((Q,,4)(8)) - (Q,, §) 
are all equivalent. 


See oNGT ER START STATE 


Same rules as for states in the input rules. 
No default. 
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10. 


ENTER START SYMBOL 

For PDA only. User must input a single symbol for the 
top of the pushdown stack. 

No default. 


Piet otadti; OR EMPTY SrTORE? (F OR E) 
Hor PDA only. Inter: 
fe ior tinal state acceptance, 


‘e'for empty store acceptance. 
No default. 


ENTER FINAL STATE(S) 
For all final state machines, the user must enter the final 


state or states, one per line. End input by typing ‘'end'. 
No default. 


MAKE ANY CORRECTIONS? (Y OR N) 
If user responds 'y', he will be given the following options: 


CORRECIVANY RULES? (Y OR N) 
If 'y' then system will respond: 


GIVE RULE NUMBER 

Enter the number of the rule to be corrected. 
The system will print the rule as originally 
written and prompt the user with: 


MNLEReGORRECT RULE: 
Same rules as for GIVE RUBIES: 


EDOPANY RULES? (yY OR N) 

If 'y' the system will give next sequential 
rule number and user will respond as for 
Give RULES. 


CHANGE START STATE? (Y OR N) 
If 'y' then user will be prompted with: 


wick ol ART STATE 
Rule 6 above applies. 


CHANGE FINAL STATE(S)? (Y OR N) 
If 'y' then the user will be prompted with: 


ENTER PINAL STATE(S) 
User must respond with all final states, 
not just new ones. 


GHANGE MAX NODES OR STEPS? (Y OR N) 
If 'y' then rules 3 and 4 above, apply. 


i 





Lae 


Lae 


ei 


14, 


iS: 


eye 


Cievi INrUl STRING 


User reply is any string of characters, without embedded blanks, 
er the reserved symbols: '#', '&', and '%'. 


WeNdes TRACH? (Y, N, OR A) 


A. 'y' (1) A trace of all steps of a deterministic 
automata is printed. 
(2)eeretrace of the solution path, if any, of a 
nondeterministic automata is printed. 


B. ie No trace. Output will be a statement of 
whether an input string is accepted or 
rejected, except for the case of the PTM, 
where the final configuration of the tape 
will be printed. 


C. a All steps or nodes will be printed for both 
deterministic and nondeterministic automata, 
regardless of whether a solution exists. 


Piva NOLHER STRING? (Y OR N) 
If 'y' the system will respond: 


Mire NN yeCORRECTIONS FIRST? (yY OR N) 
Rule 10 above, applies. 


WANT TO QUIT? (Y OR N) 
If 'y' program terminates. 
No default. 


WANT TO STORE PRESENT MACHINE? (Y OR N) 
If 'y' the system will respond: 


GIVE A NAME TO THIS MACHINE 

Name may be any character string of from 1 to 10 
symbols in length. 

No default. 


WANT TO RETRIEVE A MACHINE? (Y OR N) 
If 'y' the system will respond: 


GIVE NAME OF MACHINE 
Reply with name of machine. If machine is 
not in memory, the system will respond: 


NO SUCH MACHINE IN MEMORY 
Question 16 will be repeated. 
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et. 


If machine is in memory, the system will respond: 


(1) WANT RULES DISPLAYED? (Y OR N) 
Default 'y'. 


(Aeeiy i INPUT STRING 
No default. 
WANT TO CREATE A NEW MACHINE? (Y OR N) 


If 'y' the system will respond: 


TYPE OrF MACHINE 
Return to rule l. 


If 'n' the terminal session will be terminated. 
No default. 
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SAMPLE TERMINAL SESSION 


TYPE QF MACHINE? 
fa 


HoereACHINE DETERMINISTIC? CY OR N) 
y 


Men RUMSER OF STEPS? 
25 


GIVE RULES 


rl) 
wa, 0)-(a0) 


( 2) 
Gal, 0)-(q3) 


( 3) 
(q2,0)-(q0) 


( 4) 
(q3,0)-(ql) 


es) 
(q0,1)-(al) 


( 6) 
Cea, 1)-(q0) 


re) 
Maal )=(q3) 


( 8) 
(q3,1)-(q2) 


( 9) 
end 


Site «START STATE 

q0 

ENTER FINAL STATE(S) 
q0 


end 


Z0 





MAKE ANY CORRECTIONS ? (CY OR N) 
y 


GBORRECT ANY RULES? CY OR WN) 
v 


Orve RULE NUMPER 
i 


Mee) «6600,0)-(00) 


BAER CORRFCT RULE: 
(q0,0)-(a2) 


MORRECT ANY MORE RULES? CY OR N) 
n 


Pee ANY MORE CORRECTIONS ? CY OR N) 
n 


Gave THPUT STRING 
10010101 


Mites TRACE? (CY,!!, OR A) 
vy. 


STEP RULE Sa E STRING 


1 0 QO TOOT O11 
2 2 Qi ONC A 
y Z Q3 010101 

y ty Q1 10109] 

5 6 Q0 0101 

6 1 Q2 101 

7 i Q3 01 

8 ty Q1 th 

9 6 0.0 


StramG 1S ACCEPTED 


TRY ANOTHER STRING? CY OR N) 
n 


WANT TO QUIT? CY OR N) 
n 


Zi 





WANT TO STORE PRESFNT MACHINE? CY OR f) 
y 


ve © NPE TO THIS MACHINE 
evenl&0 


Fey 70 RETRIEVE A MACPINE? CY OR N) 
n 


fee PO CREATE A NEW MACHINE? CY OR N) 
y 


TYPE OF MACHINE? 
fa 


BoeACHINE DF TERMINISTIC? CY OR N) 
n 


MAX NUMBER OF NODES? 
20 


GIVE RULES 


1) 
q0,0-q0 


Cr) 
q0,0-q3 


C3) 
q0,1-q0 


Co) 
q0,1-aql 


C5) 
qal,l-qh 


rc) 
ql,0-4 


G7) 
q3,0-ah 


( 8) 
Gop kar 


( 9) 
qh,0-qh 


(10) 
ah,l-qh 


11) 
end 


Ze 





BNVER START STATE 
qO 


BNP ER FINAL STATECS) 

qk 

end 

MAKE ANY CORRECTIONS ? (CY OR N) 
n 

GIVE INPUT STRING 

0100 


Doane & TRACE? (CY,N, OR A) 
y 


SiLEP RULE Swi STR TG 


0 0 Q0 0100 
1 lk Q0 100 
2 3 QO 00 

3 2 Q3 0 

4 7 Qk 


SikING ACCEPTED 


NODES = VP 


fey ANOUVER STRING? (CY OR WN) 
y 


VaReerNy CORRECTIONS FIRST? CY OR N) 
n 


GIVE INPUT STRING 
0101010110 


WANT A TRACE? CY,N, OR A) 
n 


MAX NUMBER OF NODES EXCEFDED 


WANT TO CHANGE MAXPMUM? CY OR N) 
oy 


WHAT 1S NEW MAX? 
50 


“ZS 





eaeuNG ACCEPTED 
NODES = 0 


TRY ANOTHER STRING? CY OR N) 
y 


MAKE ANY CORRECTIONS FIRST? (Y OR N) 
n 


GIVE (NPUT STRING 


0100 
WANT A TRACE? (Y,N, OR A) 
a 
NODF STATE INPUT STRING 

0 Q0 0100 

1 Q0 109 

2 Q3 100 

3 00 00 

4 Q1 00 

5 & 00 

6 Q0 0 

7 Q3 0 

8 & 0 

9 Q0 

10 Q3 

11 Qu 


SURING ACCEPTED 
NODES = ital 


Pere tOiwER STRING? CY OR WN) 
n 


WANT TO QUIT? CY OR N) 
n 


Wate dO STORE PRESFHT MACHINE? CY OR N) 
y 
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GIVE A NAME TO THIS MACHINE 
doubles 


Meng TO RETRIEVE A MACHINE? CY OR N) 
n 


WANT TO CREATE A NEW MACHINE? CY OR WN) 
y 


TYPE OF MACHINE? 
pda 


[IS MACHINE DETERMINISTIC? (CY OR N) 
n 


MAX NUMBER OF NODES? 
30 


GIVE RULES 


el) 
ae oO, fr —qi,br 


© 2) 
ai, 2t,r-ql,egr 
© 3) 
q1,0,b-ql,bb 


at) 
ee 0, b-q2, & 


G5) 
eile 0, e-ql,be 


( 6) 
Wet, b= ql, gb 


Gy) 
Oe al, ce 


C10) 
diz, kh, 2-92, 


Cit) 
Gia, faz, a 


G2) 
2,8, 6-92, 


Z5 





C13) 
end 


ENTER START STATE 
ql 


fei t's «START SYMBOL? 
G 


mies oTATE OR EMPTY STORE? (F OR €£) 
e 


MAKE ANY CORRECTIONS ? (Y OR N) 
n 


GIVE INPUT STRING 


011110 
NANT A TRACE? (CY,N, OR A) 
y 
STEP RULE STATE PUSHDOWN STRING 
0 0 Q1 R 011110 
1 1 OUI BR 11110 
2 6 Q1 GBR 1710 
5 7 01 GGBR 110 
4 8 Or2 GBR 10 
5 10 Q2 BR | 0 
6 9 02 R 
pe Q2 


Suh WwG ACCEPTED 
NODES = 1h 


Taye OTHER STRING? CY OR W) 
y 


MAKE ANY CORRECTIONS FIRST? (Y OR N) 
n 


GIVE INPUT STRING 
00011100111000 


WeoiennRACE? CY,N, OR A) 
n 
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MAX NUMBER OF NODES EXCEEDED 


WANT TO CHANGE MAXIMUM? CY OR fH) 
y 


WHAT IS NEV! MAX? 
100 


STRING ACCEPTED 
NODES = 33 


TRY ANOTHER STRING? (Y OR N) 
n 


WANT TO QUIT? (CY OR N) 
n 


WANT TO STORE PRESENT MACHINE? CY OR N) 
y 


GIVE A NAME TO THIS MACHINE 
wwrl&0 


Demet O RETRIEVE A MACHINE? CY OR N) 
n 


WANT TO CREATE A NEW MACHINE? CY OR N) 
y 


TYPE OF MACHINE? 
tm 


PoeiacwiNE DETERMINISTIC? CY OR N) 
y 


MAX NUMBER OF STEPS? 
100 


GIVE RULES 


Cr) 
ql1,0-ql1,0-9 


INCORRECT FORMAT, REPEAT RULE 
aus 0-al,0,r 


( 2) 
qivsy-al ,y, 0 


C5) 
Givel=q2 yy, | 


( &) 
ey 42,5 .:! 


2a 





© 5) 
Ge, X-Q5,X%, r 


© 6) 
a2,0-qh,0, | 


© 7) 
qh, 0-a4,0,1 


( 8) 
eu x-q0,x,r 


( 9) 
Ge, y-G>,y,r 


(10) 
dopa -Q5,y,r 


er) 
@uy0-ql,x,r 


C12) 
end 


ENTER START STATE 
q0 


ENTER FINAL Sire CS) 

q5 

end 

MAKE ANY CORRECTIONS ? (Y OR N) 


n 


Give INPUT STRING 
0011 


Wee ovo TRACE? (Y,N, OR A) 
n 


SperiGe tS ACCEPTED 


TRY ANOTHER STRING? (CY OR ND) 
¥ 


MAKE ANY CORRECTIONS FIRST? (CY OR §) 
n 


GIVE INPUT STRING 
0011 


28 





Weny A TRACE? CY,N, OR A) 
y 


STEP Pave STATE TAPE 


1 0 Q0 => 0012 
Z 0! Q1 > OT 
3 1 Ql etl? 14 
if 2 Q2 r— > Oy. 
s 6 Q4 =O 0 
6 8 00 Ke oy 1 
U LP) Ql Sora feat 
8 2 Q1 RAY aod 
9 3 Q2 KASOYY 
10 ti Q2 X~>XYY 
i 5 03 Ka ey 
2 Ww) Q3 MAY = ON 
M8) I Q3 ON =? 
14 10 Q5 PO Ga? 


Sree 1S ACCEPTED 


TRY ANOTHER STRING? CY OR N) 
y ; 


MAKE ANY CORRECTIONS FIRST? CY OR N) 
n 


GIVE INPUT STRING 
00011 


Att A TRACE? CY,N, OR A) 
n 


STRING NOT ACCEPTED 


TRY ANOTHER GSYRING? CY OR 8) 
n 


Vohienoeowilre (Y OR fH) 
n 
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WANT TO STORE PRESENT MACHINE? (CY OR N) 
y 


GIVE A NAME TO THIS MACHINE 
QOexeenlern 


WANT TO RETRIEVE A MACHINE? (Y OR N) 
y 


GIVE NAME OF MACHINE 
wwrl&0 


WANT THE RULES DISPLAYED? (Y OR N) 
n 


GIVE INPUT STRING 
10 


WANT A TRACE? (Y,N, OR A) 
n 


STRING NOT ACCEPTED 
NODES = 1 


TRY ANOTHER STRING? (Y OR N) 
n 


WANT TO QUIT? (Y OR N) 
n 


WANT TO STORE PRESENT MACHINE? (Y OR N) 
n 


WANT TO RETRIEVE A MACHINE? CY OR N) 
n 


WANT TO CREATE A NEW MACHINE? CY OR N) 
> 


TYPE OF MACHINE? 
ptm 


MAX NUMBER OF STEPS? 
100 


GIVE RULES 


Co) 
Qou,i-g1,x,r 
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@ 2) 
oe i-—ql,l,r 


( 3) 
cee =G2,*,16 


( &) 
@2,y-a2,y¥,Vr 


5) 
Bie -95,¥,6 


6) 
gel -g5,1,r6r 


© 7) 
da, *-gh,*,r 


( 8) 
gue l-qh,1,6r 


9) 
gue e-do, lL, | 


GLO) 
doml=qo,1,1 


Ca), 
Go-go ,*,| 


Gil? ) 
fey -92,y¥,0 


iss) 
zp *-Go,*, | 


Ci) 
q6,y-q6,1,1 


(15) 
q6,*-q6,*,1 


(16) 
Guy l-oqb, 1, | 


C7) 
Go,x-00,X%,¥F 


he) 
qu, *-q/,*,Fr 


(19) 
end 
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Biber START STATE 
q0 


MAKE ANY CORRECTIONS? CY OR W) 
n 


GIVe INPUT STRING 


l1i*l1* 

Mem A TRACE? (Y,N, OR A) 

n 

Peeve, CONFIGURATION: XX*-d>11l*1l1lil 


fee NOTHER STRING? CY OR f2) 
y 


MAKE ANY CORRECTIONS? CY OR N) 
n 


GIVE INPUT STRING 
Ti1*11* 


WANT A TRACE? CY,N, OR A) 
n 


MAX NUMBER OF STEPS EXCEEDED 


WANT TO CHANGE ffAX? CY OR MN) 
y, 


WHAT IS NEW MAX? 
50 


ee NOURER STRING? CY OR N) 
y . 


MAKE ANY CORRECTIONS? (Y OR N) 
Nn 


GIVE WIPUT STRING 
111*11* 


Vee RACE? (Y,N, OR A) 
n 


Sieemec One lCURATTON: XXX*=>1i*11lilii 


iV eANOTHER STRING? CY OR NH) 
y 


MAKE ANY CORRECTIONS? (CY OR N) 
n 
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GIVE [INPUT STRING 


Felis 


fant A TRACE? (Y,N, 


y 
SLEEP 


i 


2 


“Bh 


Dee 
25 


FINAL CONFIGURATION: 


RULE 
0 
it 
3 


5 


I) 


12 


16 


Iii 
1& 


OR A) 

STATE TAPE 

Q0 ->1*11l* 
Q1 X->*ll* 
Q2 X*->11* 
Q3 X*Y->1+ 
Q3 MeN ila es 
Qu X*Y¥1*-> 
Q5 X#Y¥1->*] 
Q5 X*Y¥->1e#1 
OS X*->Y1*1 
Q2 X#Y¥->1¥] 
Q3 X*YY->*] 
Qu X*YY*=>1 
Qu X*YY*1-> 
Q5 RENN HH ld 
Q5 X*YY->*11 
Q5 X*Y¥->Y*11 
Q2 X*YVY->#*11 
Q6 XeY¥->Ve*ll 
Q6 X*->Y1le*11 
Q6 X->*114*11 
Q6 ->X*11*11 
Q0 X->*1l*ll 
Q7 Xe->11*11 

X*=->11*11 


215) 


2 
? 





aad 


AN AUTOMATON SYNTHESIZER 


AUTO: 


/* 


PROC OPTIONS(MAIN) $ 


GOLD 


DECLARATION SECTION 


1* 


Ww 
a 
fod Ww ¥~ wx 
Liu ae ae O 
” = <I < = 
i) ST] 
(a’d Y~z Ww mM @ Li 
Ow ie ae PS 
UL ae < —- tft hd 
_ —- —-eH ” els 
=) Zz ND UEMUieg [a ) 
<I> Ww (ob OoOnow WwW Y << Y 
Wa = Ze (yer 2c w. os C4) 
_ Uy Bs Sez Zz Lu <{ 
Ze Ee OODb- KeO b= (We ad 
o>, <[aen (=) es DeeYuW WwW (>) O Y 
Zandt —- TO NaAk-O << wv 
f#ZO WNW NZOQ Wsaedt © © aw Ww Y¥UOr 
Weta De Z Ree ONSt SZ 2 < pe COoKe((u 
eH >}-§ AaYCt ft ZA wt CO ae ft <eWw 
VME S| < pele le O Zz eH) 
et QS POT NUN ee ete Y 
O WwW Wilk DuMat << <_ > ZO FL 
OWN fag (uujfes SYK RlWeR StU mie TO 


UW WW US eNeuieg vat (eLULAecezer => eSoL an PL G 
aa Yi) O Z2ZYWOOOO¢O Ot Pwo 
DDeWOOOZL wOY UTUKRtRt GPO ee See voO 
CZK LOWe ULM, [eZ LL LL) WujG@yee oo 
mel SN lw CWO Oe SUC YCZOOrLIL 
Leh OHO eM Sr OO  e >eS OOOO 
OO NCWIWES LOW. SOK ONODMH-OAEFOY Oo 
wm WwW Qn FKODYCYYK YK = Sa 
~ > OR OR sDON>-OAdtZReOkrOW RPWYeZ CYOOW 
If eztv LW BEY NENSZSZULDIOOWOOMOFe- 
CYWIDIeN UIVYORS . eaOO ej Sag 
CORRS ke ZO MYM Y DOR ea Bee TOO>>vo 
IQetIN Met ZwZtoaoztdTDUORsI4e SIN 
he WwW mt QL et eHOrFOkeSID © Oey = 
WWM LW SQW OWL WILL eh SD OWE rOAaAdo 
age ae pjecsac( 64 Acacsaeatmeseies ease ae ee) => 
ate That LRG Ck 
| | 1d | ! Ves | 


Ww oO 

Y Wh me =< = 
LU LU  <f - Ke DW FP WDhe WwW AAA 
SI Silke FKMNSEK YC YH Zauwaazt aaa 
DDRENODW e& HWZDS CO wm OFZDDI YS UM 
CANYCZOIK UVES FS Ww ONWOSGRRZ Ree 


~ 

© 

PEE 

4 

- > 

© (ee 

z << 

— > 

> 

~ cw — 

~ <x Ne) 

wy > e — 

— © ~ [o'd 

w = ae - « << 
< co) — Om Le 
Ic wy > NM ees 
Oe owe cm owe LY 
~~ mY e& ect Yr ~~ 


wae OMD Dw NIZLzO 
CNZSCLCOIKRLSLSE~O 
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VARYING; 


eee & FOO & ere ewww 
mmm mmOOMRMOOCOCYY (LIL 
Ones asAaSsAHORMOONI IIe OUO 
ped es et es a et Lf) et eed dee TO 
~CAKKCANOw~Y~~KLUOO™ 


Caddiddderdterra w 
ef te ake le ee ce ek, es Se <wia a. 
EOOOOOOLOLLO a | 
O O OO Oder 
ae [elie 
zzaicd Wj OL 


WORDRQCGO0Q0u a<DoOOWU | } I 
SAAAaAAALWOOGARA46G00 
IIe dIevejmMDAaAZO0d>IdIIS 
Zee Ree ES SOOIYH Ur r OOO 


( 


STRUCTURE USED TO STORE MACHINES IN MEMORY 7, 


/* 


Cy 
— & 
if\orm 
ww Om 
CLL 
o ~~ Ieee 
~ & om em LY 
-—— Oem Odd 
an ao Agee 
Ow CMrat + 
Wj <f IdtL “ 
YL roo OH-- 
IU WO HlNOO ee 
oa) NY) LN AOL 
LW Yew 
ON &®& NNR WYO. 
Wier elu TO Joe 
CLWOSTAeSDDIMe 


IZ ZR CZ 
Y 


NANANANANNNNAIN 
o 


DCL 


7 


POINTERS; FLAGS, & COUNTERS 


1%* 


FIXED BINARY; 


» ITRACE sNODNO,NEMPTYs15JSsNC3NF) 


7 


iT eR 
D PTR; 
E PTR; 
(1 GOOD 


DCL 


%« / 


INITIALIZATION 


1* 


REPLY (MAXUM) ; 


NUMBER® ) 


ents be LF LO Ow 


OR OM OKR Cees BHF 


wu il 


© 


SS 


oO 


Mr Il 


OP OCOw of 


ils OO © 


Wl 


INE?" ) REPLYC(CTYPE); 


DQ; 


2) 


Oo Ak 


OONC YSIS SCTWZ IM 
ZZZONBDDWWAODO —~WL 
Wt LST ee Zz Zea OZ IOH 


= 
FO 
Ww 
Oo 


REPLY( MAXUM) $ 


PS?7t) 


MBER OF STE 


C7 (veOR TN) *) 


MAXI: 
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se ~~ 
=e: 
<> 
=< x 
= a 
~- = 
> —_ 
| eS 
oo; eee | en 
uy fe 
ae w 
wer <a 
ez 
o = 7] 
Oo CO 
nN NY 
ino 
‘ey (Oe 
oe) t= 
va Up 
us 
tee de 
Oo O - 
YY ete 
Le es 
oO ao 
ow FS = VM 
eo... — 
Q 22 4 
o 
Zz <x < UC 
w <q <a o 
SG SE eh ee 
j— com = er 
— od Sos 
- > w®~ td 
Zuct <t =X 
S J a ~< 
eg a 2£= 
hZn Nn - 
Om mi oe YY) I] 
WwZQ Q=za 
= =- DO 
er] NAN 
QANxK MK 
ue ZIatiut 
= US LL) So ee El 


wed 


READ THE RULES IN ONE AT A TIME 


/%* 


DISPLAY('GIVE RULES‘); 


See OF ALL EMSEDDED BLANKS a 


1%* 


tO 
O 


DEZeQw~wd WARNZO 
Y 


=) 
ox 
oO 


a. 
O 
O 
= 


Lt 


r 

= 

— 

ry 

be oe 

=) ~ 

Q a 

CZ + 

—_ = 

— tad 

ag - 

a =) 

—Y (ou 

fad) CZ 

oe) pomad, 

Yee ad 

OS om only 

wo =e 

ay mm /) 

- © foe a) 
ww > 
— fk VY 
A om —= (7) 
Treis bm il 
= & & 

ao oO=m 
O ee ee Om 
Mee - 

>D+ Ze 
oan uD ef 
ezZzj era a 

tS a7 © 
=~_~— Il — © 

fea(ed +Onw er 
It bk J mac 

WN aN HO 
m4 CO CO on ULI od 

=) eeCOont 


QOMM 


TRIM THE INPUT STRING OF ALL TRAILING BLANKS */ 


CORRECT FORMAT, REPEAT RULE') REPLY CINPU 


ea) 

—) 
o = 
~ = 
~ (ea) 
= ee 
a0 S 
wae) amd 
(an! 
IPE @ 
«WwW (ds) 
tis 
AK Fas 
PE, LW 
— o- ae 
ao [= 
a= oe on 
oV/ -8eoe 
ae OQ 
>a eee DZ 
fa Co - (oy [UU 
Zeal | Zo ee 
— © We pet ac 
— = = 1H 
aD ele D 
Reo ~~ = ke 
NZ ween DU 
Om IO 90 
Sw SS Nw~ ZO 
No AWWW 

Ee NHNAI4 

HY wmDDILO 


GO TO ERR; 


ae fe pe tt 0. 

ZS oe LiLiLu it ewO 

LLS veel ect ted tend Pad bt CD 
= 


bh 
Ge 
= 
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% / 


RE ANY 


os tena 
| Ciel. 
=~ 40+ 
] +e 
~ —j_o 
o = & 1 
~ oo bm 
— o Q tad 
7D LIE 
“wo kFOD 
ez DO 
~ woe 
Ox ~“O<-- 
eu er xX 
CO «uw 
Oz Wale 
Or QO IZ 
ey Za 
Pa oo 
we *OF 
Ik =D 
eD> DO 
fai, {ara |UW rz 
ez Zee 
1 co ce Md 
{i— ~—eY 
mee CN 
OF F Men 


—ItDONe @ 
Ne WY 

ea! nuvi 
Wow tl oe 


rPunonnnatrad 
FOO eeerer W 


a od eee hue ber Ber 4 
ON ILNNNM IO 
Zit hwww 
QOOI1 SI Il 
ogee a a een few em law 
—=OOOLKXLKL I 
4 
(2) 
a 


eHen ee — 

_— ey oS | en 
eed ped ood oe _— 
1 to od ae = = 
oma O w+ 
eitkeem 


eet ew e_jJmake 
COO SD 
“eZDD— | ~O 
WO Qe KZ 
ee ese CHU 
Ox =OFO~w 
RW ewe bh DZ 


a ee a ae 
[[ ae ei Oo 
ed a) ode 
eee enaWnre es 
ORR |zZ0M 
QNNNADA. 


ZOODI~NDS 

— 22 20a Via 
ONY) be 

a2) nmninw tl 
nun @ ow 


| Pe tL 
PWAaRNNMtAcst 
HEOO - * & Ww 
Saf} || 2s 
Orble ~~ aed et 
ON ILZNE NNN IDO 


CJ 2 oO 
MOOO Mae ea) 


a | ass 


1 THEN G 
NPUT ,1l_7I 


I 


faa) 


wut 


en 
ras 
— 
ap) 
UJ 
se (oo) 
een yooanl PAL, 
cot on = == 
ae = kK 
rm Os} - 
+— @ wo ew 


CL LS 4 es et ee eee 
a ow o<ese 
wt el OF LU ES 
“EDR DOee 


WAWNMNZQIAA 


PWAARYNNNOWW ke 


FOO - 


be ad — II 


SIEM UDIMNDD O 
Orie = Orv Io 


= 
| 
S 


THEN BEGIN; 


° 
b ] 


La Ua 


= 
i) 
a= 

= Ca 
ak 
co 3, 
s+ C. 
+ 2 
-_ _— 
~ 
- = 
~ NY 
re @ 
=> 2 
aM” 
ae 
| =_ 
>< us HS 
LL GS BO 
Qe td 
ZL 
maw 
- ee 
K—— A 
Deo ent 
QO & eal 
Palme fee Ihe al? A 
ee aed 
“NYA? O 
(@auuyuU) j= 
re YS Il 
Maa) ©@ 
(ale died mp) i} 
= 

eel/) 

CQ 

rats 

Li == 





%«/ 


{ine = 


and fee wT 


mez Ce WOWWT 
DeRPWZLO Sez 


no. aun wa 
2S ee i OO 
OMmndt sy wzatw 


ms COWL IL 
—H-eOa LOaOooecr 
oS reo ly 


WLW  SWwerond 
YW Le ReockoO 
See Wt COWL 


ae Zz > Zr LU 
Jott elbkee LI0M 


DWE Yee Z ek 
HFONNZOZNMHEM 


sad 
~~ 


° 
? 


RSTATE) 
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> 
ool 
O 

zu 
LL hme 


REPEY CDUMI 


) 


Uz 
EN GO TO DUMDUM; 


S START aS 
NAL STATE OR EMPTY STORE? (F OR E)") 


THEN BEGIN; 


=O 


THEN GO TO FI 
THEN GO TO F 


mt oolii aw enact 


ee I> DTD DFO 
Woaatewasoonk 

=n ALCnO 
UWI Dm tL OW Oe WILL LL UI 
LOOK IIL O Mae 


i 3 Aa 


THEN LPDA 
1 THEN GO TO REPLAY; 


C*ENTER FINAL STATE(S) ')D5 
Y 
N 
H 


fey fel, MIY 
Z LL WW ee LL LL, a me 
US beet} Jt OWI Ot 

< | 

TL l= 

— WW 

LL o 


x / 


REPLAY $ 


NOeSUCH RUEE®h; 


THEN DO; 


ja 

=) 

ae 

= 

a 

> 

cs 

Qa 

UJ 

Ce 

-~ Lu 

¥ al 

x > 

~ oc 
Ut 

—) ld 

= OO 

~~ Wu 

— fod 

= rte dl 

o » © 

O 

eve cé 

= WW 

—— = = 

— ~e 

© Il 3e Ws 

= ow 


wot ome wm 


> a ay oko | 


dIyv~<ct 


aI~ YN || OO XO 


ZaDDeWrFD Om WiLL 
ee Os Oe 


THEN DO; 


JED Sara 
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AKE ANY' | {MORE{{*CORRECTIONS*{ IT FIRTII'? CY OR 
& MORE 


ORRECT ANY'{ {MOREL I[*RULES? CY OR NIS) 





WwW ~ 
“- = be * 
~ ej 2 
uJ — lo, (a 
= > FE on 
er. | as mm «6 —_ 
on — fa, —, tad WY UW on 
-_ > LL) o on COURS on =) ee) 
Ww fa] faved = =~ waza, {UB)(wy) - er] e 
= a. on z oe mite XY OY (7) ~ 
(ej WwW - - == YC Ort - > Fae, 
— a Ww = (ad >< ee he ) U 7 — al Ww 
> _ ~ O Ie NW Tow -_- = ee aa 
pa) ~ Sg z =< OmOwo wL- 55) be 
fav, = he oe ~ — et OIL TO oe Ce 
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wa. ~ wo Rio WwW Wat w =e ww eo OO x ey i 
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re UU) (ee e- © le) LE V 4 et =O) VY - warm Ww 
S HOOe COW Fr aAOO QO =e RO ate oe LW Ca Orr WO 
Oe) ob: Uy IO wk ao < CD Ure Oe sa md « fea 
(cb) (o4  agU ke 2 (“J 2 <— ae LU LU LL) 0% OL eet => << ad ow 
Ze Zu MNZWw ee wWwaw pase a Me Lut Qa Oee Razz & 
WZ en >~WitD (wUjae C&R) WC Ww Ne mee OO z ae LiL) ee 
TWe zik-Y WJ Wr wc a= eS Wwe mm Wt j)# ICC ~ 
eo ow Se Oe (ae OR Oo tk Dee Ce ZOoOL= —e Ww ee 
re WW » W Zz = We ZZ CE bX oa Ge Ww a— Fe & od 
cd Cj Aas >> qe > F- te > § TC eo —I<> ew OC WwW >eefp-— eet eZee 
ZeOD AZemer Tee Zl ize wa Let Lax ONAGOk #O met LL) Lb ee oe <i > 
e>=a <ae WO Oe Ww Qe <I Orme su Ww) 4 © mMOLOOLWLNO Se & 
o = e« lle to eo I} eee WI flee oe W - Y= CLNra Ww Ww) Qo Dymewwyyeg CC 
pie ww ~Wrew ~il ftw SI OP mie ~—Di we aco oe —~OnY tm iu 
[fp Ze BS ~aw > N>at > Ll ~a ~Y It WORT > Wo " ~ 
WL) |} TIww<a wwe te =< | qew <a Cte ony wtmwoa’@ iL 
S> G&G JIaae 3yopaesn a]>, 0 op) Jac Lad aj) woOIDD ewe 
ewe he A OOCAk KePAOOIAY AGO ZR sO IS AanZd evaaataqadeaaooin 
(S) eC aN YM NM am mM wm =n Y x« RKONDOOOAYLM 
FUL LL OO > UL LL IO LL Ut LLL wet LL. < + COmMOARAAR Re IL OW 
Grome E OOM MOOT ORNL ON TORN ZODO Se Ome ~ LZOCCLLK IN SONS se 
ol] ad pal) =) ri 


a. a. a. a. ~< 
uw uJ Ww uw — 
a a ag a = 


")5 


STRING! )3 


Wile 


SA Te 


THEN DO; 
SEP. RULE 
S.CEP RULE STATE 
E CALLS FOR THE NON 
URE WHEN NEEDED, CH 
39 


END; 


S HAS NOT 
TEP-BY-STEP 
—£ PRINTED. x / 
= '|[{NODNO); 
REPLY( QUE); 
"lI STATEI| 
*/ 
»LEN-I+1,1)3 


THEN DO; 


LI NUMI IS 


ECIAL ROUTINE WHICH HANDLES THE 
2,LENGTH(LPDA)—-1) 35 


E TM AND PIM. 


MAXNO THEN DISPLAY ('NODES 
THEN DO; 


N BEGIN; 
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